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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Medical adhesives are widely used in surgical 

dentistry, including for covering donor sites after free gingival 
graft harvesting. However, their cytotoxic properties and effects 
on tissue proliferative activity remain a topic of scientific debate.

Objective: To evaluate the effects of various adhesive 
compositions on the proliferative activity of human oral mucosa 
stromal cells using Ki-67 staining, and to analyze apoptotic and 
necrotic changes.

Materials and Methods: Three types of medical adhesives 
were investigated: feracryl-based (Hemocompact), domestic 
cyanoacrylate (Sulfacrylate), and imported cyanoacrylate (His-
toacryl). Adhesives were applied to sterile polycarboxylate 
plates seeded with human stromal cells. After 24–48 hours of 
incubation, morphological evaluation, apoptosis and necrosis 
analysis using Annexin V-FITC/PI, and Ki-67 expression 
analysis by flow cytometry were per-formed. Statistical analysis 
included ANOVA and Tukey’s post hoc test (p<0.05).

Results: Feracryl samples showed the highest cytotoxicity: 
elevated necrosis (16.65%) and reduced Ki-67 expression 
(p<0.001). Cyanoacrylate-based adhesives showed better 
biocompatibility: Histoacryl demonstrated the lowest necrosis 
rate and best cell morphology preservation. Both null hypotheses 
were rejected.

Conclusion: Cyanoacrylate-based adhesives, especially 
imported ones, are safer for use in areas with high regenerative 
activity. Feracryl-based adhesives are limited due to their 
significant cytotoxicity. The findings support the use of specific 
adhesives as wound coverings for donor sites after soft tissue 
graft harvesting.

Key words. Ki-67, medical adhesives, stromal cells, apoptosis, 
proliferation, cytotoxicity, flow cytometry.
Introduction.

In modern dental surgery, medical adhesives have gained 
widespread popularity due to their ease of use, hemostatic 
properties, and ability to accelerate tissue healing. However, 
despite the wide variety of available adhesive compositions 
and their extensive clinical application, the degree of their 
cytotoxicity remains a subject of scientific debate. The literature 
describes both positive and negative effects of cyanoacrylate-
based and other adhesive components, highlight-ing the need 
for further in vitro investigations to assess their biocompatibility 
and safety [1,2].

One of the common clinical scenarios in which medical 
adhesives are applied is their use as a protective covering for 
the palatal donor site after harvesting a free gingival graft. This 
procedure requires a high degree of regenerative capacity of 

the oral mucosa; therefore, evaluating the adhesive’s effect on 
tissue cells becomes critically important. Impairment of cell 
proliferation, induction of apoptosis, or the development of 
necrosis can significantly affect the timing and quality of wound 
healing and, in some cases, lead to postoperative complications 
[3,4].

To assess the safety and biocompatibility of adhesive 
materials, it is essential to employ mod-ern molecular and 
biological approaches, one of which involves analyzing cellular 
proliferative activity. The Ki-67 marker is a nuclear antigen 
expressed during the active phases of the cell cycle and is 
widely recognized as a standard indicator of cell proliferation. 
Simultaneously, the evaluation of apoptotic and necrotic 
changes provides insight into the potential toxicity of materials 
and the mechanisms of cell death [5,6].

In experimental settings, the use of primary cultures of human 
oral mucosal stromal cells is of particular value, as these are the 
first cells to come into contact with adhesive materials in actual 
clinical scenarios. The application of flow cytometry, which 
enables quantitative assessment of Ki-67 expression, apoptosis, 
and necrosis levels, ensures a high degree of reliability in the 
obtained data [7,8].

Objective: To determine the proliferative activity of a stromal 
cell culture derived from a biopsy of the human oral floor 
mucosa using the Ki-67 marker. Additionally, to analyze the 
dynamics of changes in the percentage of necrosis and different 
types of apoptosis depending on the tested samples.

The following null hypotheses were formulated for this study:
1. H₀₁: The use of different types of medical adhesives does not 

have a statistically significant effect on the proliferative activity 
of oral mucosal stromal cells, as measured by the Ki-67 marker.

2. H₀₂: Different medical adhesives do not cause statistically 
significant differences in the levels of apoptosis and necrosis in 
the culture of oral mucosal stromal cells.
Materials and Methods.
Characteristics of the Investigated Materials:

The study included three types of medical adhesives that 
differ in composition and manufacturer. Two of them were 
cyanoacrylate-based (the domestically produced Sulfacrylate 
and the imported Histoacryl), and one was based on an 
aqueous solution of feracrylate (the domestically produced 
Hemocompat). These adhesives are widely used in surgery; 
however, their biocompatibility in the context of oral soft 
tissue regeneration remains a topic of scientific interest. 
The comparison was conducted considering their chemical 
composition, form of release, and prevalence in clinical 
practice. A detailed description of the adhesive compositions 
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is presented in Table 1. Each experimental condition, including 
the control group (cells cultured without adhesive materials), 
was represented by three independent biological replicates to 
ensure data reliability.
Sample Preparation.

Each sample was prepared using a polycarboxylate plate with 
a diameter of 2.5 mm and a thickness of 1 mm. A total of nine 
samples were prepared—three for each of the tested adhesive 
compositions. The application of the adhesive was performed 
under sterile conditions, with the adhesive carefully distributed 
in an even layer across the surface of the plates. The samples 
were then left to dry completely at room temperature in a sterile 
environment. Prior to biological testing, all samples were 
subjected to UV irradiation for sterilization. No contamination 
of the samples with bacteria, fungi, or other microorganisms 
was observed.
Cell Model.

To assess the biocompatibility of the samples, a primary 
culture of stromal cells from the hu-man oral floor mucosa 
was used. Tissue collection was conducted in accordance with 
ethical standards and after obtaining written informed consent 
from the patient. Biopsy specimens were processed using a 
standard enzymatic digestion method, followed by cultivation 
in DMEM/F12 medium (Paneco, Russia) supplemented with 
10% fetal calf serum (Capricorn Scientific, Germany) and 1% 
antibiotic (penicillin-streptomycin, Paneco, Russia). The cells 
were incubated at 37°C in a 5% CO₂ atmosphere until the 
required confluency was reached.

For the experiment, the cells were detached from the substrate 
using a trypsin-EDTA solution, and their count and viability 
were assessed using the Luna-fluo automated cell counter 
(Logos Biosystems, USA). The cells were then seeded into 
the wells of a 48-well plate, where the adhesive samples had 
already been placed. A total of 30,000 viable cells in 500 µL of 
medium were added to each well. After 48 hours of incubation, 
further evaluation was performed.
Cell Viability Assessment (Annexin V-FITC/PI).

To assess the levels of apoptosis and necrosis, a standard 
annexin-propidium iodide assay was used (Annexin V-FITC/
PI Apoptosis Detection Kit, Vazyme, China). After 24 hours of 
incubation, the cells were detached from the substrate, washed 
twice in phosphate-buffered saline by centrifugation (300 g, 5 

minutes), and resuspended in binding buffer at a concentration 
of 1×10⁶ cells/mL. Staining was performed strictly according 
to the manufacturer’s instructions. The analysis was carried out 
by flow cytometry using a MACSQuant 10 cytometer (Miltenyi 
Bio-tec, Germany). Four cell populations were identified: viable 
cells (Annexin V⁻/PI⁻), early apoptotic cells (Annexin V⁺/
PI⁻), late apoptotic cells (Annexin V⁺/PI⁺), and necrotic cells 
(Annexin V⁻/PI⁺).
Cell Proliferation Assessment (Ki-67).

To analyze proliferative activity, the Inside Stain Kit (Miltenyi 
Biotec, Germany) was used in combination with monoclonal 
antibodies against the nuclear proliferation marker Ki-67, 
conjugated with the fluorochrome FITC. After incubation, 
the cells were collected, fixed, permeabilized, and incubated 
with the antibodies for 30–60 minutes in the dark at room 
temperature. Following washing, the analysis was performed on 
the same MACSQuant 10 flow cytometer. Gating was carried 
out based on a comparative analysis of stained versus unstained 
samples.
Microscopy.

Additionally, morphological evaluation of the cells was 
performed using the ZOE inverted im-ager (Bio-Rad, USA). 
Photographic documentation of the cellular state allowed 
visualization of the degree of cell attachment, the presence 
of spheroid structures, and overall cell morphology in each 
experimental group.
Statistical Data Analysis.

All experimental data were analyzed using GraphPad Prism 
9.0 software (GraphPad Software, USA). The Shapiro–Wilk 
test was used to assess the normality of data distribution. 
For normal-ly distributed data, intergroup comparisons were 
performed using one-way ANOVA followed by Tukey’s post 
hoc test for pairwise comparisons. In cases where the data 
deviated from normality, non-parametric tests were applied 
(e.g., Kruskal–Wallis test).

The results are presented as mean ± standard deviation (M ± 
SD). A p-value of less than 0.05 was considered statistically 
significant. Graphical representations of the data included 
bar charts with indications of statistical significance between 
groups. Each measurement was per-formed in at least three 
biological replicates.

Adhesive Manufacturer Composition Group

Hemocompat LLC "MTPO Inter-Vita", 
Moscow, Russia

- Aqueous solution of feracrylate 1% 
- Sodium alginate 
- Acetic acid (chemically pure) for pharmaceutical use, purity ≥99.85% 
(GOST 61-75, GOST 2654-86) 
- Distilled water for pharmaceutical use

Feracrylate

Sulfacrylate LLC "NTO MedLin", 
Novosibirsk, Russia

- Ethyl ester of α-cyanoacrylic acid (responsible for polymerization upon 
contact with aqueous media) 
- Butyl ester of acrylic acid (adds plasticity) 
- Methacrylate-3-oxysulphalan (provides antimicrobial activity and 
promotes rapid wound healing)

Cyanoacrylate

Histoacryl B. Braun, Germany Monomer of n-butyl-2-cyanoacrylate Cyanoacrylate

Table 1. Characteristics of the Investigated Adhesive Compositions.
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 B

 C
Figure 1. Distribution of samples on polycarboxylate plates. A – Hemocompat, B – Sulfacrylate, C – Histoacryl.

Figure 2. Distribution of samples in a 12-well plate. A monolayer of cells without adhesive samples was used as the control.
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Results.
Morphological Characterization of Cells After Incubation 
with Adhesive Samples:

Microscopic examination using the ZOE Bio-Rad inverted 
imager revealed pronounced differences in cell morphology and 
adhesion between the experimental groups. During incubation 
with samples from Group 1 (Hemocompat), the cells exhibited 
a loss of adhesion capability and formed spheroid aggregates, 
indicating unfavorable environmental conditions and potential 
toxic effects of the adhesive. In Group 2 (Sulfacrylate), 
localized areas of cell adhesion were observed; however, 
a portion of the population also tended to form clusters. In 
Group 3 (Histoacryl), the cells retained their typical elongated 
morphology characteristic of stromal cells and were evenly 
distributed across the substrate, which was comparable to the 
control group (no adhesive application).
Cell Viability Assessment (Annexin V-FITC/PI).

Flow cytometry analysis of cell viability revealed statistically 
significant differences among the groups in terms of necrosis 
and apoptosis levels:

• Necrosis levels were highest in Group 1 (Hemocompat), 
reaching 16.65%, which was statistically significantly higher 
than in the other groups (p < 0.001). In Group 2 (Sul-facrylate) 
and Group 3 (Histoacryl), the necrosis levels were 1.56% and 
3.17%, respectively, while in the control group the value did not 
exceed 1.32%.

• Apoptosis in Group 1 was characterized by elevated levels 
of both early (10.45%) and late (17.4%) apoptosis, with a total 
apoptotic index of 27.85%. In Group 3 (Histoacryl), the highest 
level of early apoptosis was observed (44.48%), which may 
indicate cellular stress while maintaining recovery potential. 
Late apoptosis in this group was 3.75%, with a combined 
total of 48.23%. In Group 2, total apoptosis reached 28.67%. 
The control group showed minimal apoptosis values (1.41%), 
confirming the preservation of cellular homeostasis in the 
absence of adhesive materials.

Gating diagrams and quantitative bar charts are shown in 
Figures 4 and 5, confirming statistically significant differences 
between the groups (p < 0.001, ANOVA, Tukey’s test).
Assessment of Proliferative Activity via Ki-67 Marker.

Cell proliferative activity was assessed using staining for the 
nuclear marker Ki-67 followed by flow cytometric analysis. 
In the control group, the proportion of Ki-67-positive cells 
was the highest and served as the reference value. In Group 1 
(Hemocompat), a statistically significant reduction in Ki-67-
positive cells was observed (p < 0.001), indicating suppressed 
proliferative activity, most likely due to the cytotoxic effect of 
the adhesive. In Groups 2 and 3 (Sul-facrylate and Histoacryl), 
a reduction in Ki-67 levels was also noted, although it did not 
reach statistical significance compared to the control. These 
findings are illustrated in Figures 6 and 7 and Table 2.

Thus, based on the obtained data, it can be concluded that 
the feracrylate-based adhesive exhibited the most pronounced 
cytotoxic effect, manifested in reduced proliferation, 
increased apoptosis and necrosis levels, and impaired cell 
morphology. In contrast, cyanoacrylate-based adhesives—

especially the imported Histoacryl—demonstrated satisfactory 
biocompatibility under the conditions of this experiment.
Discussion.

The obtained results indicate a pronounced variability in the 
cytotoxic properties of the investigated adhesive compositions. 
Samples from Group 1 (Hemocompat, based on feracrylate) 
showed the most significant reduction in cell proliferative 
activity, as evidenced by both morphological changes and 
a decrease in Ki-67 marker expression. This suggests that 
feracrylate-based adhesive exerts a suppressive effect on the 
regenerative potential of stromal cells.

In contrast, cyanoacrylate-based adhesives (particularly 
Histoacryl) demonstrated the most bio-compatible behavior 
toward the cell culture, maintaining typical morphology and a 
high per-centage of Ki-67-positive cells. These findings support 
their potential suitability for use as wound dressings in dental 
surgical practice.

Comparative analysis of apoptosis and necrosis levels 
revealed statistically significant differences between the groups, 
particularly regarding late apoptosis and necrotic cell death. The 
highest levels of these processes were observed in response to 
the feracrylate-based adhesive, suggesting that it may be a less 
favorable material for use in sensitive areas of the oral mucosa.

In this study, two null hypotheses were tested. The first null 
hypothesis (H₀₁)—that the tested adhesives have no effect on 
the proliferative activity of stromal cells—was rejected, as 
a statistically significant decrease in Ki-67 expression was 
observed in the feracrylate group (p < 0.001). The second 
hypothesis (H₀₂)—that the levels of apoptosis and necrosis 
are equal across all groups—was also rejected due to the 
identification of statistically significant differences among 
groups (ANOVA, p < 0.001).

The obtained data align with the findings with the demonstration 
that n-butyl cyanoacrylate-based adhesives exhibit lower 
cytotoxicity compared to acrylic-based alternatives when 
in contact with gingival mesenchymal cells [9]. Similar 
conclusions were reported with improved biocompatibility of 
n-butyl cyanoacrylate in soft tissue applications, particularly in 
periodontal and mucogingival procedures [10].

A comparable trend was described with the conduction in 
vitro testing on osteoblast-like cells and found that ethyl-
cyanoacrylate used within a therapeutic dosage did not impair 
cellular proliferation, although it induced transient early 
apoptosis without progression to necrosis [11]. These results are 
consistent with the findings observed in Group 3 of our study. 
Furthermore, prior work confirmed that short-term exposure 
to ethyl-cyanoacrylate activates controlled apoptotic pathways 
while maintaining overall cell viability in bone-derived cell 
cultures [12].

An important observation is that the high level of early apoptosis 
identified with the use of His-toacryl was not accompanied by 
an increase in the necrotic cell population. This may indicate 
a cellular stress response followed by recovery in the absence 
of aggressive cytotoxic damage. A similar mechanism was 
described by Choi et al. [13], who assessed cellular responses 
to aldehyde-based surgical adhesives. Moreover, Miki et al. 
[14] reported comparable findings, suggesting that transient 
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Figure 3. Microscopy of cells after 24-hour incubation with adhesive samples. 1 – Hemocompat, 2 – Histoacryl, 3 – Sulfacrylate, 4 – Control.

Experimental Group Ki-67-positive cells (%) Necrosis (%) Early Apoptosis (%) Late Apoptosis (%) Total Apoptosis (%)
Control 82.4 ± 3.1^a 1.32 ± 0.15^a 0.92 ± 0.11^a 0.49 ± 0.08^a 1.41 ± 0.19^a
Hemocompat 45.7 ± 4.5^b 16.65 ± 1.23^b 10.45 ± 0.89^b 17.40 ± 1.21^b 27.85 ± 2.10^b
Sulfacrylate 71.2 ± 2.7^a 1.56 ± 0.17^a 16.12 ± 1.05^c 12.55 ± 0.77^c 28.67 ± 1.35^b,c
Histoacryl 74.9 ± 3.2^a 3.17 ± 0.22^a 44.48 ± 2.12^d 3.75 ± 0.41^a 48.23 ± 2.05^d

Table 2. Summary of Statistical Results of Proliferation (Ki-67), Apoptosis, and Necrosis Assessment. p-values were determined by ANOVA 
followed by Tukey’s post hoc test. Different super-script letters indicate statistically significant differences (p<0.05) between groups.

Figure 4. Flow cytometry gating strategy for apoptosis and necrosis assessment.
Representative gating strategy using Hemocompat-treated cells: (A) total cell population gate; (B) gating of single-cell events; (C) apoptosis and 
necrosis analysis identifying populations: Q1 – necrotic cells (Annexin V⁻/PI⁺), Q2 – late apoptotic cells (Annexin V⁺/PI⁺), Q3 – early apoptotic 
cells (Annexin V⁺/PI⁻), and Q4 – viable cells (Annexin V⁻/PI⁻).”
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Figure 5. Assessment of necrosis and apoptosis in the tested samples.

Figure 6. Flow cytometry gating strategy for Ki-67 expression. Representative histograms showing Ki-67-positive cells across all groups: (A) 
Control; (B) Hemocompat; (C) Sulfacrylate; (D) Histoacryl. The percentages indicate the proportion of actively proliferating cells.”.
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apoptotic signalling without necrosis may represent an adaptive 
response to moderate chemical stress in mucosal tissues.

On the other hand, the data obtained for the Hemocompat 
adhesive are consistent with the findings of Li et al. [15], who 
demonstrated that feracrylate-containing materials induce both 
apoptotic and necrotic death of oral epithelial cells. This effect 
was attributed to the generation of free radicals and disruption of 
mitochondrial homeostasis. Similar observations were made by 
Kim et al. [16], who identified oxidative stress as a key mediator 
of cytotoxicity in oral epithelial cells exposed to polymer-based 
hemostatic agents.

The morphological data obtained through microscopy confirm 
the quantitative findings of flow cytometry [25,26]: cells 
exposed to a feracrylate-containing medium lose their ability to 
ad-here. In vivo, this may lead to impaired epithelialization and 
delayed healing of the donor site. Similar inhibitory effects on 
cell adhesion and migration have been reported for feracrylate-
based materials in several studies, including those by Park et 
al. [17] and Morita et al. [18], emphasizing their potential to 
interfere with tissue regeneration.

Particular attention should be given to the clinical application 
of cyanoacrylate adhesives in surgical dentistry. Studies by 
Kazancioglu et al. and Pogrel et al. [19] confirm that the use 
of n-butyl cyanoacrylate-based adhesives reduces healing time, 
alleviates pain, and does not exert a suppressive effect on local 
tissue proliferation. Furthermore, a randomized clinical trial 
by Cavalcante et al. [20] demonstrated favorable outcomes in 
terms of wound closure and patient comfort when cyanoacrylate 
adhesives were used following periodontal surgery.

However, despite the positive data obtained for cyanoacrylate-
based adhesives, it is important to consider the dose-dependent 
nature of their effects. An increase in concentration, volume, or 
repeated application may trigger cellular stress responses. This 
underscores the importance of adhering to application protocols 
and the necessity for standardization of adhesive volume in 
clinical settings [21,22].

Thus, the obtained results support the conclusion of high 
biocompatibility of cyanoacrylate adhesives—particularly the 
imported product Histoacryl—and the limited applicability 
of feracrylate-containing compositions in the context of open 
oral mucosal wounds. The rejection of both null hypotheses 
confirms the significant influence of adhesive materials on 
cellular physiology, which must be carefully considered when 
selecting products for surgical dental procedures [23,24].
Conclusion.

The conducted study demonstrated significant differences 
in the biocompatibility of medical adhesives used in surgical 
dentistry when interacting with a culture of human oral mucosal 
stromal cells. The feracrylate-based adhesive (Hemocompat) 
exhibited the most pronounced cytotoxic effects, including a 
statistically significant reduction in cellular proliferative activity 
(as indicated by Ki-67 levels), increased levels of both early 
and late apoptosis, and a high level of necrosis. These findings 
suggest limited clinical applicability of this material, particularly 
in procedures involving donor sites of the oral mucosa.

Cyanoacrylate-based adhesives (Sulfacrylate and Histoacryl) 
demonstrated significantly higher levels of biocompatibility. In 
particular, the imported product Histoacryl provided the most 
favorable results in terms of cell morphology, minimal signs 
of necrosis, and stable proliferative activity comparable to the 
control group. This supports its consideration as a preferred 
material for wound coverage in oral mucosal applications.

Both null hypotheses proposed in this study were rejected. 
Statistically significant differences were observed among the 
tested adhesives in terms of proliferation (Ki-67), as well as 
apoptosis and necrosis levels, indicating varying degrees of 
impact on cellular physiology.
Clinical Relevance and Study Limitations.

The clinical significance of this study lies in its potential to 
support a more informed selection of adhesive materials during 
soft tissue procedures in the oral cavity, particularly in the 

Figure 7. Ki-67 marker staining histogram for Group 1 sample.
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harvesting of free gingival grafts. Biocompatibility and minimal 
cytotoxicity of the adhesive are directly associated with the 
speed and quality of tissue regeneration.
Study limitations include:

• The exclusive use of an in vitro model, which does not 
account for the complex micro-environment of inflammation, 
microbiota, and mechanical forces present in the oral cavity.

• The use of only one cell type (stromal cells), without 
evaluating the effects on epithelial cells, fibroblasts, or immune 
cells.

• A limited sample size and number of tested adhesive 
compositions (three materials).

• A short observation period—analysis was conducted within 
24–48 hours, without monitoring delayed or long-term effects.

In the future, extended in vivo studies are planned using 
animal models and/or clinical cases, along with the analysis of 
additional biomarkers of cellular activity and tissue healing.
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АНАЛИЗ БИОМАРКЕРА ПРОЛИФЕРАЦИИ 
КУЛЬТУРЫ СТРОМАЛЬНЫХ КЛЕТОК ПРИ 
ИСПОЛЬЗОВАНИИ МЕДИЦИНСКИХ КЛЕЕВ

Хабадзе З.С, Бакаев Ю.А, Морданов О.С, Лохонина 
А.В, Ивина А.А, Бадалов Ф.В, Умаров А.Ю, Вехби 
Ахмад, Какабадзе Э.М, Даштиева М.Ю.

Аннотация
Введение. Медицинские клеи активно применяются в 

хирургической стоматологии, в том числе для покрытия 
донорских зон после забора десневых трансплантатов. 
Однако их цитотоксические свойства и влияние на 
пролиферативную активность тканей остаются предметом 
научных обсуждений.

Цель. Оценить влияние различных клеевых композиций 
на пролиферативную активность стромальных клеток 
слизистой оболочки полости рта человека методом 
окрашивания на Ki-67, а также проанализировать 
апоптотические и некротические изменения.

Материалы и методы. В исследование включены три 
типа медицинских клеев: феракрил (Гемокомпакт), 
отечественный цианакрилат (Сульфакрилат) и импортный 
цианакрилат (Гистоакрил). Клеи наносили на стерильные 
поликарбоксилатные пластины, к которым подсевали 
стромальные клетки человека. Через 24–48 часов 
инкубации проводили морфологическую оценку, анализ 
апоптоза и некроза с использованием Annexin V-FITC/
PI и определение экспрессии Ki-67 методом проточной 
цитометрии. Статистическая обработка включала ANOVA 
и пост-хок тест Тьюки (p<0,05).

Результаты. Образцы с феракрилом показали 
наибольшую цитотоксичность: высокий уровень некроза 
(16,65%) и снижение Ki-67 (p<0,001). Цианакрилатные 
клеи обеспечивали более благоприятный профиль 
биосовместимости: Гистоакрил демонстрировал 
минимальный уровень некроза и наибольшую сохранность 
морфологии клеток. Обе нулевые гипотезы были отклонены.

Вывод. Клеи на основе цианакрилатов, особенно 
импортного производства, являются более безопасными 
для использования в зонах повышенной регенеративной 
активности. Клей на основе феракрила ограничен в 
применении из-за высокого цитотоксического действия. 
Полученные данные обосновывают выбор клеевых 
материалов при мягкотканевых вмешательствах.

Ключевые слова: Ki-67, медицинские клеи, стромальные 
клетки, апоптоз, пролиферация, цитотоксичность, 
проточная цитометрия.
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